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@ Row rate control system. 



@ A flow rate regulating valve is mounted on a pipe. for pass- 
ing therethrough the fluid to be controlled.The fluid pressure is 
detected at the primary side and the secondary side of an ori- 
fice provided within the pipe. The fluid temperature is also 
measured in the vicinity of the pressure measuring location. 



The flow rate is calculated based on the primary and secondary 
pressures and temperature detected. The degree of opening 
of the valve is controlled in a direction to decrease the devia- 
tion of the calculated flow rate from the flow rate setting In ac- 
cordance with the deviation and the polarity thereof. 
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FLOW RATE CONTROL SYSTEM 
The present invention relates to a flow rate 
control system including a computer. 

Conventional flow rate control systems of one 
5 type are those comprising a combination of fluid theoretic 
elements. The systems of this type, which are unable to 
handle many parameters, have drawbacks: they are not always 
expected to control the flow rate with high accuracy and 
are not usable universally because the arrangement and 
10 combination of the theorectic elements must be altered in 
accordance with the properties of the. fluid. 

Flow rate control systems of another type are 
adapted to detect the flow rate with a flow rate sensor and 
control a flow rate regulating valve based on the resulting 
15 detection signals. While flow rate sensors of various types 
are known, relatively simple are those wherein use is made 
of a nozzle or an orifice. With such sensors, the flow rate 
Q is determined by measuring fluid pressures PI and P2 
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upstream and downstream from the orifice and using an approxi 
mation equation. 

For example, when the fluid is a liquid, the flow 
rate Q is calculated from the relation 

Q * /PI - P2 
with use of a proportionality constant. 

However, when the fluid is a gas, the calculation 
equation is different from the one used for the liquid and 
must be selected from between the two given below. 

(a) When the flow rate is low: 

Q * /P2(P1 - P2) 

(b) When the flow rate is high: 

Q * PI 

In either case, the calculation equation is an approximation 
equation, and accurate flow rate control is unexpectable . 

The main object of the present invenion is to 
assure accurate flow rate control. 

Another object of the present invention is to 
assure accurate flow rate control also for fluids which are 
transported in large quantities. 

The present invention provides a flow rate control 
system which is characterized by a flow rate regulating 
valve mounted on a pipe for passing therethrough the fluid 
to be controlled, a pressure sensor for detecting the fluid 
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pressure at the primary side and the secondary side of an : 
orifice provided within the pipe, a temperature sensor for 
measuring the fluid temperature in the vicinity of the 
pressure detecting location, means for calculating the rate 
5 of flow of the fluid based on the primary and secondary 
pressures and the temperature detected, and means for 
controlling the degree of opening of the flow rate regulat- 
ing valve in a direction to decrease the deviation of 
the calculated flow rate from a flow rate setting in 

10 accordance with the deviation and the polarity thereof - 

The flow rate of the fluid can be determined very 
accurately because the flow rate is calculated based not only 
on the pressures measured at the primary and secondary sides 
of the orifice provided in the main pipe but also on the 

15 fluid temperature in the vicinity of the orifice. Further 

the flow rate is controllable with high accuracy because the 
flow rate regulating valve is controlled in accordance with 
the deviation of the flow rate measurement from the flow 
rate setting, 

20 The present invention further provides a flow rate 

control system which is characterized by a flow rate 
regulating valve mounted on a main pipe for passing there- 
through the fluid to be controlled, a pressure sensor for 
detecting the fluid pressure at the primary side and the 

25 secondary side of an orifice provided within the main pipe, 
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a temperature sensor for measuring the fluid temperature in 
the vicinity of the pressure detecting location, a bypass 
pipe attached to the main pipe and interconnecting the 
upstream side and the downstream side of the pressure sensor, 
5 a bypass valve for opening or closing the flow channel of the 
bypass pipe, means for calculating the rate of flow of the 
fluid based on the primary and secondary pressures and the 
temperature detected, means for controlling opening or 
closing of the bypass valve, means for giving the calculated 

10 flow rate as a flow rate measurement when the bypass valve 
is closed or for calculating the overall flow rate from the 
calculated flow rate to give the result as a flow rate 
measurement when the bypass valve is open, and means for 
controlling the degree of opening of the flow rate regulating 

15 valve in a direction to decrease the deviation of the flow 
rate measurement from a flow rate setting in accordance 
with the deviation and the polarity thereof. 

Because the main pipe is provided with the bypass 
pipe for passing -the fluid also therethrough, the system 

20 is usable also for transporting a large quantity of fluid 
even if the main pipe has the orifice. Moreover, the flow 
of fluid through the bypass pipe is controllable by opening 
or closing the bypass valve on the bypass pipe. When the 
bypass valve is open, the total flow rate is calculated from 

25 the calculated flow rate to control the regulating valve 
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in accordance with the deviation of the total flow rate 
from the flow rate setting, so that the flow rate can be 
controlled accurately even when the fluid is passed through 

the bypass pipe. 

Other features of the present invention will 
become apparent from the following description of an embodi- 
ment with reference to the drawings. 

Fig. 1 is a block diagram showing an embodiment 

of the invention; 

Fig. 2 is a diagram showing part of a memory; and 
Fig. 3 is a flow chart of the flow rate control 

process to be executed by a CPU. 

The present embodiment includes a flow rate sensor 
in which an orifice is used. Stated strictly, the flow rate 
W (by weight) of a fluid passing through an orifice provided 
within a channel is given by the following equation - 

w = CvFo 

- Vi-ccV(f^ A 

L 2/x p9 (x+D/x 

where 

PI: primary pressure 
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P2: secondary pressure 

F : cross-sectional area of the channel 
Fo: cross-sectional area of the constricted portion 
(orifice) 

8 : area ratio of the constricted portion (Fo/F) 

g : acceleration of gravity (9.8 m/sec 2 ) 

Cv: coefficient of velocity 

Cc: coefficient of contraction 

X : specific heat ratio of the fluid 

Y : density of the fluid 

The equation (1) is applied to compressible 
fluids such as gases and based on the assumption that the 
variations in density and pressure when the fluid passes 
through the orifice are adiabatic. 

The cross-sectional areas F and Fo, the area 
ratio B, g and the coefficients Cv and Cc are constants 
and are stored in a memory in advance as will be described 
below. 

The specific heat ratio x varies with the kind of 
gas and also with the temperature. Accordingly specific 
heat ratios x of various gases are predetermined by 
experiments at varying temperatures T, and the memory has 
stored therein such values as a specific heat ratio data 
table. 

The density y is calculated form the following 
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equation. 

PI To 1 /tM 
T TO Po T K 

where 

Po: pressure in standard state 
5 To: absolute temperature in standard state 

yo: density in standard state 
K : compressibility factor 

The constants Po, To, to and K are predetermined 
and stored in the memory in advance. The density y is 
10 calculated from the equation (2) with use of the measure- 
ments of pressure Pi and temperature T. When the fluid is 
relatively low in pressure and fulfills the requirements of 
an ideal gas , the compressibility factor K can be regarded 
as 1. If K is not 1, the compressibility factor measured 
15 as an experimental value must be stored in the memory in 
advance - 

It will be understood from above that the flow rate 
W can be calculated by measuring the primary and secondary 
pressures PI and P2 and absolute temperature T. 

20 Although the equation (1) does not apply to a 

liquid, the flow rate of the liquid can be expressed also as 
a function of the primary and secondary pressures and temp- 
erature. In the case of the liquid, the viscosity appears 
as a parameter instead of the specific heat ratio, and the 

25 viscosity becomes a function of the temperature. 
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Fig. 1 shows the construction of a flow rate 
control system. A flow rate regulating valve 21 is mounted 
on a main pipe 1 for passing a gas therethrough. A pressure 
sensor 3 and a temperature sensor 4 are mounted on the 
main pipe 1 upstream from the valve 21. The pressure sensor 
3 is adapted to detect pressure PI and pressure P2 at the 
primary side and secondary side, respectively, of an orifice 
plate (not shown) provided within the main pipe 1. The 
temperature sensor 4, which is adapted to detect the tern- 
erature T of the gas flowing through the main pipe 1 
comprises, for example, a thermocouple. The signals 
representing the pressures PI and P2 and temperature T 
detected by these sensors 3, 4 are fed to a central process- 
ing unit (CPU) 10 via amplif ier-linearizer circuits 5 and 
A/D converter circuits 6. The CPU 10 is, for example, a 
microprocessor . 

The main pipe 1 is provided with a bypass pipe 2 
branching off the main pipe 1 upstream from the sensors 3 
and 4 and joining the main pipe 1 downstream therefrom. 
A bypass valve 27 mounted on the bypass pipe 2 is opened or 
closed by a driver 28. At the portion of the main pipe 1 
provided with the pressure sensor 3, there is the orifice 
plate, which therefore limits the flow rate of the gas passing 
through this portion. When the gas flows at a high rate, 
the bypass valve 27 is opened, permitting the gas to partly 
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flow through the bypass 2. The ratio of the fluid dividedly 
flowing from the main pipe 1 into the bypass pipe 2 is 
defined by the cross-sectional areas of the orifice of the 
plate in the main pipe 1 and the fully opened opening of 
the bypass valve 17, etc. and is approximately constant 
irrespective of the flow rate. The ratio (number of times) 
of the rate of flow through the bypass pipe 2 to the rate 
of the remaining flow (passing through the main pipe 1 with- 
out bypassing) is defined as a bypass correction factor t. 
When the bypass valve 27 is open, the overall flow rate of 
the gas actually flowing is the flow rate W calculated from 
the equation (1) with use of the detected pressures PI and 
P2 and the detected temperature T and multiplied by the 
correction factor t. The correction factor t is predeter- 
mined by experiments. When the correction factor t varies 
slightly with the flow rate, temperature, etc., a table 
thereof may be prepared in advance. 

The flow rate Ws of the fluid to be passed 
through the main pipe 1 (i.e., flow rate setting) is set on 
a device 12. The CPU 10 controls the degree of opening of 
the regulating valve 21 so that the flow rate measurement 
will be in match with the flow rate setting Ws. The 
regulating valve 21 can be any of needle valve, disk valve, 
sleeve valve, ball valve , etc. and is selected in accordance 
with the kind of gas to be controlled, diameter of the main 
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pipe 1, etc. With the present embodiment, the member (e.g., 
valve stem) 22 cooperative with the valve seat (not shown) 
for closing the flow channel through the valve 21 is 
displaced by a pulse motor 23, which in turn is driven by 
a driver 24. The CPU 10 gives a shift pulse number and 
polarity to the driver 24. The shift pulse number represents 
the angle of rotation of the pulse motor 23 f i.e., the 
displacement of the closing member 22, while the polarity 
represents the direction of rotation of the pulse motor 23, 
i.e., the direction of displacement of the closing member 22. 

The rotation of the pulse motor 23 is converted 
to a linear displacement of the closing member 22 by suitable 
screw-thread means or the like. When the closing member 22 
comes into contact with the valve seat, the opening degree 
of the regulating valve is zero, that is, the valve is closed. 
If the driver 24 is continuously given the closing instruc- 
tion even thereafter, the pulse motor 23 continues to 
rotate in the closing direction. Damage will then result, 
such as thermal damage to the pulse motor or biting engage- 
ment of the closing member with the valve seat. To avoid 
the incidence of such damage, there is provided a pressure 
sensor 7 for detecting the contact pressure of the closing 
member 22 oh the valve seat. For example, the pressure 
sensor 7 is a strain gauge and is attached to a required 
portion of the closing member 22 or a member connected 



11 



• 0110325 



thereto for detecting the compressive force applied by 
the screw-thread means and the valve seat. The pressure 
detected is fed to a comparator circuit 9 via an amplifier 
circuit 8. The comparator circuit 9 has set therein or is 
5 given a reference value Eo, which affords the upper limit of 
the contact pressure between the closing member 22 and the 
valve seat. When the detected pressure reaches the 
reference value Eo, the comparator circuit 9 feeds a forced 
stop signal to the driver 24, which deenergizes the pulse 
10 motor 23. 

The number of revolutions of the pulse motor 23 
is detected by a rotation transducer 25. Accordingly the 
output of the transducer 25 represents the position of the 
closing member 22 and is shown on a display 26 as the degree 

15 of valve opening. 

The CPU has a memory (not shown) for storing the 
memory therefor and a memory 11 for storing various items 
of data. As seen in Fig. 2, the memory 11 has an area for 
storing the current measurements and preceding measurements 

20 of the pressures PI, P2 and temperature T, an area for 

storing the flow rate setting Ws fetched form the setting 
device 12 , an area for storing the reference pulse number 
Np r abnormal variation factor Ac , high-low speed change 
factor S, speed reduction constant d, bypass flag F (the 

25 meanings of these will be described later) and bypass 
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correction factor t, and an area for storing the constants 
and parameters required for calculating the foregoing 
equations (1) and (2). 

Fig. 3 shows the control procedure to be followed 
5 by the CPU 10 for flow rate control. First, initialization 
is performed (step 31). A flow rate setting Ws is fetch to 
the CPU 10, which determines an opening degree corresponding 
to the rate Ws, and the closing member 22 opens the regulat- 
ing valve 21 to the position of this opening degree. At this 

10 time, the valve 21 may be opened approximately to the 

specified position because when the fluid starts to flow, the 
flow rate is controlled with high accuracy by the feedback 
control to be described below. 

In step 32, the flow rate setting Ws is fetched 

15 and compared with the value stored in the memory 11 to check 
whether the setting Ws has been changed (step 33). In the 
event of a change of the setting Ws, bypass valve control 
follows (step 34). 

When the flow rate setting Ws is a large value to 

20 pass a large quantity of gas, there arises the need to use 
the bypass pipe 2. The flow rate setting Ws is compared 
with a predetermined value (which is stored in the memory 
11 although not shown), and when the flow rate Ws is not 
smaller than the predetermined value, a valve opening 

25 instruction SB is given. In response to the instruction SB, 
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the driver 28 opens the bypass valve 27. When the valve 
opening instruction SB is given, the bypass flag F is set 
to 1. If the flow rate setting Ws is less than the 
predetermined value, a valve closing instruction is given 
to close the bypass valve 27, and the bypass flag F is 
reset to 0. The bypass valve 27 may be opened or closed 
in response to some other instruction given from outside, 
irrespective of the setting Ws, 

When the flow rate setting Ws is fetched for the 
first time after the initialization, the answer to the 
interrogation of step 33 is always "YES 11 to effect bypass 
valve control* 

After the above procedure, the preceding 
measurement Plb in the memory 11 is renewed by being 
replaced by the current measurement Pi (step 35). The primary 
pressure Pi is fetched and stored in the memory 11 as the 
current measurement (step 36). Similarly for the secondary 
pressure and temperature, the preceding measurements are 
renewed and the current measurements are fetched (steps 37 
to 40). 

Next, the difference between the preceding primary 
pressure Plb and the current value PI is calculated to check 
whether there was a marked pressure variation based on the* 
difference (step 41). For one cause or another, there is 
the likelihood that the primary pressure will abruptly 
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increase twofold or threefold or abruptly drop to one half 
or one third the preceding value. The abnormal variation 
factor Ac is so to speak a magnification of variation to 
provide a standard or reference for judging whether a 
particular variation is abnormal. For example, it is about 2 
If the deviation |P1 - Plb | is not larger than the preceding 
primary pressure Plb multiplied by the factor Ac, the 
primary pressure variation is regarded as normal, whereas 
if otherwise, the variation is interpreted as being abnormal. 
The value Plb -Ac serving as a standard for the judgment is 
always dependent on the preceding measurement Plb according 
to the present embodiment, but this value may be a prede- 
termined value. 

Similarly the secondary pressure and temperature 
are checked for abnormal variation (steps 42 and 43). 

When the primary and secondary pressure and temper- 
ature variations are all within the normal ranges, the flow 
rate W is calculated from the equations (1) and (2) with use 
of the current measurements PI, P2 and T and the constants 
and parameters stored in the memory 11 (step 44). The bypass 
flag F is checked whether it is 1 (step 45). When the flag 
is 0, the bypass valve 27 is held closed, with no gas flowing 
through the bypass pipe 2, so that the calculated flow rate 
W represents the rate of flow through the regulating valve 
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When the bypass flag F is 1, the bypass valve 27 
is open, permitting the gas to flow also through the bypass 
pipe 2. Accordingly the calculated flow rate W is multiplied 
by the bypass correction factor t to calculate the overall 
5 rate of flow (through the regulating valve 21). (Step 46.) 

The overall flow rate is expressed by the reference character 
W insofar as no trouble occurs. 

Subsequently the flow rate setting Ws and the 
flow rate measurement W are checked as to which is larger. 

10 In accordance with the result, the driver 24 is given a 

polarity signal (step 47). When the setting Ws is larger, 
the polarity is such that the pulse motor 23 is driven in 
a direction to open the regulating valve 21. If otherwise, 
the polarity is opposite. 

15 In step 48, the deviation |Ws - W| divided by Ws 

is checked as to whether the value is larger than the high- 
low speed change factor S. If the deviation |Ws - W| is 
large, the regulating valve 21 is subjected to high-speed 
control, while if it is small, the valve 21 is subjected to 

20 low-speed control. The change factor S determines which of 
the two modes of control, high and low, is to be selected. 
It is 1 to several %. 

For the high-speed control, the reference pulse 
number Np multiplied by the deviation |Ws - W| is fed from 

25 the CPU 10 to the driver 24 as a shift pulse number (step 
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49). The reference pulse number Np is a shift pulse- number 
to be given to the pulse motor 23 to shift the closing 
member 22 for the regulating valve 21 by a unit amount. In 
this way, the pulse motor 23 is driven through an angle of 
rotation in proportion to the deviation |Ws - W| to move the 
closing member 22 for the valve 21 in the opening or closing 
direction by an amount in proportion to the deviation. 

For the low speed control, the driver 24 is given 
shift pulses which correspond in number to the value obtained 
by dividing the shift pulse number for the high speed control 
by the speed reduction constant d (step 50). The constant d 
is about 2 to about 3. 

When step 41 detects an abnormal variation in the 
primary pressure, step 51 follows for the treatment of 
trouble. The same treatment follows when step 42 or 43 
detects an abnormal variation. This treatment includes 
assurance of the safety of the system and notifying the 
operator of the abnormality. The safety of the system is 
assured, for example, by guickly closing the regulating 
valve 21. (It is not always needed to fully close the valve.) 
For this purpose, the driver 24 is given a polarity signal 
representing the valve closing direction and, as a shift 
pulse number, the reference pulse number Np multiplied by 
a suitable constant h (larger than 1). To inform the opera- 
tor of the occurrence of abnormality, a buzzer is turned on 
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or the display gives the information. 

The trouble treatment is completed when all the 
primary and secondary pressures and temperature restore 
normal values, whereupon the sequence is recycled to step 
32. In the first routine following the initialization, 
steps 41 to 43 are not performed since the preceding values 
Plb, P2b and Tb are all 0. 
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CLAIMS 

1. A flow rate control system comprising 

a± a flow rate regulating valve (21) mounted on a pipe 
(1) for passing therethrough the fluid to be con- 
trolled, 

b± a pressure sensor (3) for detecting the fluid pres- 
sure at the primary side and the secondary side of 
an orifice provided within the pipe (1), 

c2 a temperature sensor (4) for measuring the fluid 
temperature in the vicinity of the pressure detec- 
ting location, 

a± means for calculating the rate of flow of the fluid 
based on the primary and secondary pressures and the 
temperature detected, and 

ej_ means for controlling the degree of opening of the 
flow rate regulating valve (21) in a direction to 
decrease the deviation of the calculated flow rate from a flow 
rate setting in accordance with the deviation and pola- 
rity thereof. 

• A flow rate control system as defined in claim 1 where- 
in the means for controlling the opening degree of the 
flow rate regulating valve includes a motor (23) for 
moving a closing member (22) for the valve (21) and 
drive means (24) for the motor (23) and which further 
comprises a pressure sensor (7) for detecting the con- 
tact pressure of the closing member (22) on the valve 
seat, and means (8, 9) for comparing the contact pres- 
sure detected by the pressure sensor (7) with a pre- 
determined reference pressure and giving a signal for 
forcibly stopping the motor (23) to the motor drive 
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means (24) upon the contact pressure reaching the re- 
ference pressure. 

A flow rate control system as defined in claim 1 or 2 
wherein the speed of movement of the valve closing 
member (22) is variable in accordance with the dif- 
ference or ratio between the calculated flow rate 
and the flow rate setting. 

A flow rate control system as defined in one of the 
claims 1 to 3 further comprising 

a) means (11) for storing the preceding primary or se- 
condary pressure or temperature detected, and 

b) means (lo) for checking whether the difference or 
ratio between the current primary or secondary 
pressure or temperature detected and the prece- 
ding corresponding value is in excess of a pre- 
determined value and emitting an abnormality 
signal when the difference or ratio is in excess. 

A flow rate control system as defined in one of the 
claims 1 to 4 further comprising 

a± a bypass pipe (2) attached to the main pipe (1) and 
interconnecting the upstream side and the downstream 
side of the pressure sensor (3) r 

b^ a bypass valve (27) for opening or closing the flow 
channel of the bypass pipe (2), 

c) means for controlling opening or closing of the by- 
pass valve (27), and 

d) means for giving the calculated flow rate as a flow 
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rate measurement when the bypass valve (27) is closed 
or for calculating the overall flow rate from the 
calculated flow rate to give the result as a flow 
rate measurement when the bypass valve (27) is open. 

A system for controlling opening or closing of a. valve 
(21) which is provided with a closing member (22) mov- 
able by a motor (23), the system comprising 

a^ a control-drive unit (lo, 24) for controlling the 
motor (23) so as to move the closing member (22) in 
accordance with a given control signal, 

hi a pressure sensor (7) for detecting the contact 
pressure of the closing member (22) on the valve 
seat, and 

c± means (8, 9) for comparing the contact pressure de- 
tected by the pressure sensor (7) with a predeter- 
mined reference pressure and giving a signal for 
forcibly stopping the motor (23) to the control- 
drive unit (lo, 24) upon the contact pressure 
reaching the reference pressure. 
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